Electronic local and total density of states calculations have been performed using tight binding models on the (110) 
We wish to extend some of these models to study the surface (110) surfaces of semiconductors. ThisAis of interest-since it is the thermally stable cleavage face of III-V compounds and remains unreconstructed. Moreover it is of intrinsic interest sinc8 two different types of atoms can exist simultaneously on the surface so that the surface states can exhibit the individual characteristics of each atom. 6 Using this method we recently briefly reported the. existence of new states for unrelaxed (110) surfaces of Ge and GaAs.
In tDis paper we develop the method in detail and examine the origin, localization and character of the surface states. We also present local density of states calculations for atoms in various surface layers. The results presented here are geuerally of wider validity than just for the cases of Ge and GaAs, i.e. Ge and GaAs will be considered as prototypes.
The format of the paper is as follows. In Section II we discuss the tight binding model, describe the structural aspects of the system we are studying and discuss the calculational methods involved. In Section III we present the results of our calculations for Ge and GaAs and discuss their ramifications.
Finally in Section IV we make some concluding remarks.
The model we use to study the (110) surface of a diamond structure or zincblende semiconductor is similar to a model used first by Hirabayashi 1 for ( 111) and ( 100) su·rfaces. The -3-method involves studying a system of atoms which is finite in one dimension and periodic in the other two dimensions.
We are thus dealing with a "slab" of material with two surface layers which can be chosen to have N periodic layers of atoms. It is found 1 that generally reliable results can be obtained with N > 10 so that one need not worry about spurious results caused by the finiteness and double surface characteristics of the.system. This sys"tem will now be conveniently and "realistically" 
II. Calculational Procedures
In Fig. 1 we show a sketch of (110) layers of atoms lying par~llel to the i-9 plane. Two different types of atoms are shown as they would occur in a zincblende structure.
We also show schematically four sp 3 -like directed orbitals on each of the two atoms in a surface unit cell (ABCD). For a zincblende structure the (110) surface thus contains one -4-dangling orbital from the cation and one from the anion per unit cell.
In the case of a diamond structure (110) surface the two atoms and dangling orbitals are identical but there are still two atoms in a surface unit cell.
In the tight binding model we are considering, we saturate the number of nearest neighbor interactions. For GaAs we would, in principle, need to break down some of the parameters in (1) As we have already mentioned our results are generally valid so that Ge and GaAs can be considered as prototypes.
Therefore it is unnecessary to obtain fits which are in 
where n = eikya/12 ' f; = eikxa (4) and Here a is the lattice constant and expression (5) is different depending on whether I is an even or odd numbered layer. We define all odd numbered layers to be analogous to the ABCD layer shown in Fig. 1 where there is always one basis atom at the origin. The information contained in (2) and (3) is all that is necessary to build up the complete hermitian
Hamiltonian matrix for any given number of layer·s N. Care however must be taken if I is a surface layer (i.e. I = 1 or I = N). In this case some of the ~lements in submatrix (3) must be treated differently depending on what type of relaxation is imposed. In our calculations we assumed an unrelaxed surface and just set the appropriate matrix elements to zero.
Once the band structure is known the total density of states can be obtained using the expression 
where ll!k is an eigenfunction of the total Hamiltonian and _,n ¢k .. is the jth bloch function orbital centered at atom i.
The local den~ity of states of an atom is then obtained from
Physically the local density of states Ni(E) is just equal to a product of the total density of states N(E) multiplied by an average probability that an electron is at atom i when the electron has an energy E in the total system.
The method used to evaluate the integrals in (6) and (7) is due to Gilat and Raubenheim~r~8 The ene~gy derivatives required by this method were obtained using ~·E perturbation theory.
In the next section we show the results of our calculations for a system with 12 layers of atoms. The local densities of states that will be shown will involve an additional factor of 2N in order to make the normalization the same as for the total density of states and hence ease comparisons.
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III. Results
In Fig. 2 We now proceed to analyze them in detail.
A. Ge
In Fig. 3 we show a plot of the local densities of states of a Ge atom in various layers of atoms in the 12 layer system.
The second basis atom in each layer is identical to the firsT so that their local densities of states are equivalent. In Fig. 3(a) we show the local density. of states £or a Ge atom in the sixth layer from the surface. This .then is essentially a bulk density of states as is readily observed by comparing and 5(a) reveal the As and Ga character of the various regions of the bulk or crystalline (Fig. 2(b) ) density of st~tes.
We notice that the filled valence band is mostly of As nature. This is pa~ticularly true in th~ s-like region of the density of states (around -12 eV).
The region around -6 eV lS essentially equally shared between As and Ga states while the top of the valence band is again predominantly As-like.
In the tight binding model the lower energy conduction band states are.also equally Ga and As-like while the higher energy conduction band states are strongly Ga in nature. The 8 2 states are new and origina~e from a rather small region of the irreducible zone around M. This is shown in Fig. 6 where we also notice that at M we have 80% of the total.
Charge localized in the first layer which is shared equally between the As and Ga atoms. As we go away from M the charge is primarily concentrated in the first three layers. This 
IV. Summary and Conclusions
We have studied the (110) surface of a diamond and zincblende semiconductor using Ge and GaAs as prototypes.
The method used involved a model structure consisting of a finite number of (110) layers of atoms. The surface layers of this structure were assumed to be unrelaxed and the system was studied using a tight binding model including all I\
